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(54) Semiconductor storage device 



(57) A semiconductor storage device includes: a 
plurality of first memory arrays each including a plurality 
of semiconductor storage elements, in which data from 
an external device is written, and from which the data is 
read out to the external device; a second memory array 



which operates separately from the plurality of first 
memory arrays and which includes at least one block 
including a plurality of non-volatile semiconductor stor- 
age elements; and a data transfer section for transfer- 
ring the data between the plurality of first memory arrays 
and the second memory array. 
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Description 

1. FIELD OF THE INVENTION: 

[0001 J The present Invention relates to a semiconduc- 
tor storage device. 

2. DESCRIPTION OF THE RELATED ART: 

[0002] A non-volatile memory Is characterized in that 
data stored in that memory is not deleted even after the 
power thereto is turned off. In this point, the non-volatile 
memory is different from a volatile memory such as a 
Dynamic Random Access Memory (DRAM), a Static 
Random Access Memory (SRAM), or the like, from 
which data is deleted when the power thereto is turned 
off. Examples of the non-volatile memory include a flash 
memory (EEPROM) which is used for various applica- 
tions such as portable phones, etc., a ferroelectric mem- 
ory (FRAM) which is used in an IC card, etc., a magnetic 
memory (MRAM) which has been actively developed, 
and the like. 

[0003] Figure 1 schematically shows a structure of a 
flash memory cell for used in a non-volatile semiconduc- 
tor storage device. A flash memory cell 10 shown in Fig- 
ure 1 has a control gate 2, a floating gate 3, a source 4, 
and a drain 5. Data, "1 " or "0", is stored in this flash mem- 
ory cell 10 according to the quantity of electrons injected 
in the floating gate 3. A plurality of such flash memory 
cells 10 are arranged into a plurality of matrix blocks 
each formed by mxn cells 10, and the matrix blocks are 
connected to one another, whereby a flash memory ar- 
ray (non-volatile semiconductor storage device) is 
formed. 

[0004] Figure 2 shows a structure of an NOR-type 
flash memory, and especially, shows a relationship be- 
tween an X-decoder and word lines. As shown in Figure 
2, the NOR-type flash memory includes a pair of matrix 
blocks BLK1 and BLK2 formed by a plurality of flash 
memory cells 10. In each matrix block, control gates 2 
of n flash memory cells 10 in a row are connected to a 
corresponding one of m word lines WL1 to WLm, and 
drains 5 of m flash memory cells 10 in a column are con- 
nected to a corresponding one of n bit lines BL1 to BLn. 
In the blocks BLK1 and BLK2, all of the sources 4 of 
the flash memory cells 10 are connected to a single 
common source line S. 

[0005] As shown in Figure 2, in each block of the flash 
memory array, sources 4 of the flash memory cells 10 
are commonly connected to the single source line S. In 
such a structure, data stored in the flash memory cells 
10 in one block is deleted all together and cannot be 
deleted from each of the flash memory cells 1 0, i.e., can- 
not be deleted on a bit-by-bit basis. 
[0006] Reading, writing, and deleting of data in the 
flash memory array shown in Figure 2 is now briefly de- 
scribed. When data stored in some of the flash memory 
cells 10 is read out, read signals including a control sig- 



nal, an address signal, etc., are supplied from a central 
processing unit (CPU: not shown), or the like, externally 
connected to the flash memory array so that a high volt- 
age of, for example, 5 V is applied to a control gate 2 of 
5 the flash memory cell 1 0, a low voltage of, for example, 
1 V is applied to a drain 5 of the flash memory cell 10, 
and a low voltage of, for example, 0 V is applied to a 
source 4 of the flash memory cell 10. At this time, the 
magnitude of a current which flows between the source 
10 4 and the drain 5 is sensed by a sense amplifier (not 
shown), thereby determining whether data is "1* or "O". 
Then, the data read from the flash memory cell 10 is 
output outside of the flash memory, whereby a data 
reading operation is completed. 
15 [0007] Writing of data in the flash memory array is per- 
formed as follows. When a control signal, an address 
signal, and data are supplied from a CPU or the like, 
which is externally connected to the flash memory array, 
are supplied to the flash memory array, in some of the 
20 flash memory cells 10 which is designated by the ad- 
dress signal, a high voltage of, for example, 12 V is ap- 
plied to the control gate 2, a high voltage of, for example, 
7 V is applied to the drain 5, and a low voltage of, for 
example, 0 V is applied to the source 4. By applying such 
25 voltages, hot electrons are generated in the vicinity of 
the junction of the drain 5, and the generated hot elec- 
trons are injected into the floating gate 3 due to the high 
voltage applied to the control gate 2. Thereafter, such a 
writable state is ended, and a verification operation is 
30 performed. After the writing of data in the flash memory 
cell 10 has been completed, if the verification operation 
is successful, the writing operation is completed. If the 
verification operation is unsuccessful, writing of the da- 
ta, and the verification operation, are performed again. 
35 |f the verification operation is unsuccessful again, writ- 
ing of the data, and the verification operation, are further 
performed a predetermined number of times. If the ver- 
ification operation is still unsuccessful, the CPU or the 
like recognizes it as a write error. 
40 [0008] Lastly, an erasing operation of the flash mem- 
ory array is described. Data in the flash memory array 
is erased on a block by block basis. A control signal, a 
block address, and a deletion command are supplied 
from the CPU or the like to the flash memory array so 
45 that a low voltage of, for example, -1 0 V is applied to the 
control gate 2, the drain 5 is floated, and a high voltage 
of, for example, 6 V is applied to the source 4. With ap- 
plication of such voltages, a high electric field is gener- 
ated between the floating gate 3 and the source 4, and 
50 electrons in the control gate 2 can be taken out there- 
from by means of tunneling, whereby the data is deleted. 
[0009] Thereafter, such a data erasable state is end- 
ed, and a verification operation is performed similarly to 
that for the writing of data. If the verification operation is 
55 successful for all of the flash memory cells 10 in the 
block to which the deletion command is supplied, the 
data deletion operation is completed. If the verification 
is unsuccessful, deletion of the data, and the verification 
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operation, are performed again. If the verification oper- 
ation is still unsuccessful after deletion of the data, and 
the verification operation, has been performed a prede- 
termined number of times, the CPU or the like recogniz- 
es it as an erase error 

[0010] In a typical flash memory array, an erase op- 
eration including a verification operation requires a long- 
er time than a program operation including a verification 
operation, and a program operation including a verifica- 
tion operation requires a longer time than a read oper- 
ation. Specifically, the read operation requires about 
1 00 ns, the program operation including the verification 
operation requires about 30 u.s, and the erase operation 
including the verification operation requires about 500 
ms. Thus, in the flash memory array, a considerably 
longer time is required for writing and erasing of data as 
compared with reading of data. It should be noted that, 
in this specification, a "program operation" in a non-vol- 
atile memory (e.g. , flash memory) means writing of data 
in the non-volatile memory. 

[0011] On the other hand, a volatile semiconductor 
storage device, such as a DRAM, an SRAM, etc., loses 
data stored therein when the power to the storage de- 
vice is turned off. However, the time required for writing 
data in the storage device is substantially the same as 
that required for reading the data therefrom. For exam- 
ple, in an SRAM, only about 100 ns is required for com- 
pleting each of a write operation and a read operation. 
Thus, in the SRAM, replacing of data can be completed 
in a considerably shorter time as compared with the time 
required for erasing and writing of data in the flash mem- 
ory array. 

[0012] Figure 3 shows a typical memory cell of a 
SRAM. An SRAM memory cell 6 shown in Figure 3 is 
formed by a pair of switch transistors 7 and a pair of 
inverters 8. Reading of data from the SRAM memory 
cell 6 is now described. In a read operation in the SRAM 
memory cell 6, in the first step, a pulse voltage is applied 
to a word line WL which is selected by an address signal, 
whereby any of the switch transistors 7 is turned on. At 
this time, a voltage at a BIT terminal and a voltage at a 
BIT# terminal are compared by a sense amplifier, there- 
by determining whether the data stored in the SRAM 
memory cell 6 is "1 u or "0". Then, the data read from the 
SRAM memory cell 6 is output to an external CPU or 
the like, whereby the read operation is completed. 
[0013] When writing data in the SRAM memory cell 6, 
as in the read operation, a pulse voltage is applied to a 
word line WL which is selected by an address signal, 
whereby any of the switch transistors 7 is turned on. At 
this time, a high voltage is applied to one of the BIT ter- 
minal and the BIT# terminal, and a low voltage is applied 
to the other, whereby voltages are respectively applied 
to nodes N1 and N2, and binary data ("I" or "0") is writ- 
ten by means of combinations of the voltages. 
[0014] In a flash memory, when the CPU, which is ex- 
ternally connected to the flash memory, processes data, 
since a program operation requires a longer time, a 



standby time of the CPU during the program operation 
becomes longer. In the case of writing a large amount 
of data, the CPU cannot execute other operations during 
the program operation. 
s [0015] In some applications of a semiconductor stor- 
age device, data is temporarily stored in a volatile sem- 
iconductor storage device which requires a short time 
for a write operation, such as an SRAM, which is called 
a "page buffer**, and then, the data is transferred to the 
10 flash memory en bloc. With such an arrangement, the 
time required for writing data is reduced in appearance. 
In such a semiconductor storage device, the CPU does 
not need to execute writing of data in the flash memory 
and therefore can secure times for other operations. 
is [0016] Japanese Laid-Open Publication No. 
11-85609 discloses a semiconductor storage device 
which uses a page buffer technique where an overhead 
which is caused when data is transferred to a flash mem- 
ory is reduced, whereby a decrease in data transfer rate 
20 is suppressed. Japanese Laid-Open Publication No. 
10-283768 discloses a semiconductor storage device 
which uses a page buffer technique where the rate of a 
data write access can be increased. 
[0017] Thus, in a flash memory which requires a long 
25 time for a program operation, when an external CPU 
processes data, a standby time of the CPU during the 
program operation becomes longer. Especially in the 
case of writing a large amount of data, the CPU cannot 
execute other operations for a long time during the pro- 
30 gram operation. In a conventional technique for writing 
data by using a pager buffer, data is temporarily stored 
in the page buffer, and the data is then transferred from 
the page buffer to a flash memory en block. With such 
an arrangement, the standby time of the CPU during 
35 writing of data in the flash memory is eliminated, the time 
required for writing data in the flash memory is reduced 
in appearance. 

[0018] However, during the transfer of data from the 
page buffer to the flash memory, subsequent data can- 

40 not be written in the page buffer, or the data cannot be 
read from the page buffer. Therefore, the page buffer 
cannot be used for temporarily storing other data. 
[0019] In order to solve such a problem, in some ap- 
plications, an SRAM is externally provided fortemporar- 

45 j|y storing data. However, in such a case, when a larger 
amount of data is required to be written at a high rate, 
the capacity of the externally-provided SRAM which is 
required for temporarily storing the data is increased. 
[0020] Furthermore, when data in the flash memory 

so js replaced with another, deletion of data and writing of 
data cannot be executed at the same time. Thus, after 
data in a block is erased, data is written in the cleared 
block on a memory cell by memory cell basis. Such a 
process requires a relatively long process time. 

55 [0021] Furthermore, the above-described storage de- 
vice which has the page buffer does not have a function 
for transferring data stored in the flash memory to the 
page buffer. 
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SUMMARY OF THE INVENTION 

[0022] According to one aspect of the present inven- 
tion, a semiconductor storage device includes: a plural- 
ity of first memory arrays each including a plurality of 
semiconductor storage elements, in which data from an 
external device is written, and from which the data is 
read out to the external device; a second memory array 
which operates separately from the plurality of first 
memory arrays and which includes at least one block 
including a plurality of non-volatile semiconductor stor- 
age elements; and a data transfer section for transfer- 
ring the data between the plurality of first memory arrays 
and the oecond memory array. 

[0023] In one embodiment of the present invention, 
the plurality of first memory arrays, the second memory 
array, and the data transfer section are formed on a 
same chip. 

[0024] In another embodiment of the present inven- 
tion, the plurality of semiconductor storage elements in- 
cluded in the first memory array are non-volatile semi- 
conductor storage elements. 

[0025] In still another embodiment of the present in- 
vention, the plurality of semiconductor storage elements 
included in the first memory array are volatile semicon- 
ductor storage elements. 

[0026] In still another embodiment of the present in- 
vention, during a transfer of the data between at least 
one of the plurality of first memory arrays and the second 
memory array, an external device externally attached to 
the semiconductor storage device reads first data from 
or writes first data in the plurality of first memory arrays. 
[0027] In still another embodiment of the present in- 
vention, during a transfer of the data between at least 
one of the plurality of first memory arrays and the second 
memory array, an external device externally attached to 
the semiconductor storage device reads first data from, 
writes first data in, or erases first data from the second 
memory array. 

[0028] In still another embodiment of the present in- 
vention, a command to access the second memory ar- 
ray includes a command to access the plurality of first 
memory arrays. 

[0029] In still another embodiment of the present in- 
vention, the data transfer section transfers the data 
stored in a first address in the plurality of first memory 
arrays to a second address in the second memory array. 
[0030] In still another embodiment of the present in- 
vention, the data transfer section transfers the data 
stored in a second address in the second memory array 
to a first address in the plurality of first memory arrays. 
[0031] In still another embodiment of the present in- 
vention, the data transfer section transfers the data 
stored in a first region in the plurality of first memory ar- 
rays to a second region in the second memory array. 
[0032] In still another embodiment of the present in- 
vention, the data transfer section transfers the data 
stored in a second region in the second memory array 



to a first region in the plurality of first memory arrays. 
[0033] In still another embodiment of the present in- 
vention, the data transfer section transfers all of the data 
stored in at least one of the plurality of first memory ar- 

5 rays to a particular region in the second memory array. 
[0034] In still another embodiment of the present in- 
vention, the data transfer section transfers an amount 
of the data which is equal to the capacity of at least one 
of the plurality of first memory arrays to the at least one 

io of the plurality of first memory arrays from the second 
memory array. 

[0035] In still another embodiment of the present in- 
vention, before a transfer of the data between the plu- 
rality of first memory arrays and the second memory ar- 

15 ray, the data transfer section compares the data stored 
in a transfer origin address and first data stored in a 
transfer destination address; when the data stored in the 
transfer origin address is identical to the first data stored 
in the transfer destination address, the data transfer 

20 section does not transfer the data; and when otherwise, 
the data transfer section transfers the data from the 
transfer origin address to the transfer destination ad- 
dress. 

[0036] In still another embodiment of the present hv 

25 vention, the external device accesses the plurality of first 
memory arrays except for the at least one of the plurality 
of first memory arrays during the transfer of the data be- 
tween the at least one of the plurality of first memory 
arrays and the second memory array. 

30 [0037] In still another embodiment of the present in- 
vention, an access by the external device to the at least 
one of the plurality of first memory arrays is prohibited 
during the transfer of the data between the at least one 
of the plurality of first memory arrays and the second 

35 memory array. 

[0038] In still another embodiment of the present in- 
vention, a transfer of the data between the at least one 
of the plurality of first memory arrays and the second 
memory array is interrupted by an access by the exter- 

40 nal device; and the transfer of the data between the at 
least one of the plurality of first memory arrays and the 
second memory array is resumed after the access by 
the external device has been completed. 
[0039] In still another embodiment of the present in- 

45 vention, while the data is being erased from a particular 
block in the second memory array, the plurality of first 
memory arrays are accessed by the external device. 
[0040] In still another embodiment of the present in- 
vention, while the data is being written in a particular 

50 block in the second memory array, the plurality of first 
memory arrays are accessed by the external device. 
[0041] In still another embodiment of the present in- 
vention, a capacity of the at least one of the plurality of 
the first memory arrays is equal to, multiple of, or divi- 

55 sional of a capacity of a block in the second memory 
array which can be erased en bloc. 
[0042] In still another embodiment of the present in- 
vention, the plurality of first memory arrays and the sec- 
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ond memory array exist in different memory spaces; and 
an access to the plurality of first memory arrays and an 
access to the second memory array are achieved by a 
single control terminal. 

[0043] In still another embodiment of the present in- 
vention, the plurality of first memory arrays and the sec- 
ond memory array exist in a same memory space; and 
an access to the plurality of first memory arrays and an 
access to the second memory array are achieved by dif- 
ferent control terminals. 

[0044] In still another embodiment of the present in- 
vention, an access mode is switched between a first ac- 
cess mode where an access to the plurality of first mem- 
ory arrays and an access to the second memory array 
are achieved by a single control terminal and a second 
access mode where the access to the plurality of first 
memory arrays and the access to the second memory 
array are achieved by two or more control terminals. 
[0045] In still another embodiment of the present in- 
vention, the second memory array includes a plurality 
of banks, in each of which an erase operation and a pro- 
gram operation of the data and a read operation of the 
data can be executed separately from other banks; and 
the data is transferred between the plurality of banks 
and the plurality of first memory arrays through the data 
transfer section. 

[0046] In still another embodiment of the present in- 
vention, during a transfer of the data between the plu- 
rality of banks and the plurality of first memory arrays, 
the external device executes one of reading of first data 
from the plurality of first memory arrays, writing of sec- 
ond data in the plurality of first memory arrays, and read- 
ing of third data from at least one of the plurality of banks 
which is not used for the transfer of the data. 
[0047] In still another embodiment of the present in- 
vention, while the data is being erased from one of the 
plurality of banks the external device executes one of 
reading of first data from the plurality of first memory 
arrays, writing of second data in the plurality of first 
memory arrays, and reading of third data from at least 
one of the plurality of banks in which the erasure of the 
data is not executed. 

[0048] In still another embodiment of the present in- 
vention, while the data is being written in one of the plu- 
rality of banks, the external device executes one of read- 
ing of first data from the plurality of first memory arrays, 
writing of second data in the plurality of first memory ar- 
rays, and reading of third data from at least one of the 
plurality of banks in which the writing of the data is not 
executed. 

[0049] In still another embodiment of the present in- 
vention, all of the data written in at least one of the plu- 
rality of first memory arrays* is reset to a predetermined 
state. 

[0050] In still another embodiment of the present in- 
vention, the at least one of the plurality of first memory 
arrays is reset to a value of a reset cell of the second 
memory array. 



[0051] In still another embodiment of the present in- 
vention, after the data written in at least one of the plu- 
rality of first memory arrays is transferred to the second 
memory array, the at least one of the plurality of first 
5 memory arrays is reset. 

[0052] In still another embodiment of the present in- 
vention, the data in at least one of the plurality of first 
memory arrays is protected from an overwrite. 
[0053] In still another embodiment of the present in- 
fo vention, the data transfer section transfers the data in a 
first region in the second memory array to a second re- 
gion in the plurality of first memory arrays when a power 
to the semiconductor storage device is turned on or 
when the semiconductor storage device returns from a 

15 power-down state to a normal active state. 

[0054] In still another embodiment of the present in- 
vention, after the data is transferred from the second 
memory array to the plurality of first memory arrays, the 
transferred data in the plurality of first memory arrays 

20 are protected from an overwrite. 

[0055] In still another embodiment of the present in- 
vention, an access by the external device to the plurality 
of first memory arrays and an access by the external 
device to the second memory array are performed in 

25 synchronization with a clock signal. 

[0056] In still another embodiment of the present in- 
vention, a transfer status of the data between the plu- 
rality of first memory arrays and the second memory ar- 
ray is output to the external device. 

30 [0057] In still another embodiment of the present in- 
vention, the semiconductor storage device further in- 
cludes an input/output data bus which has a predeter- 
mined bus width, wherein allocation of bus width to the 
plurality of first memory arrays and the second memory 

35 array is switched between a case where one of at least 
one of the plurality of first memory arrays and the second 
memory array uses the input/output data bus and a case 
where both of at least one of the plurality of first memory 
arrays and the second memory array use the input/out- 

40 put data bus. 

[0056] In still another embodiment of the present in- 
vention, the allocation of the bus widths to the plurality 
of first memory arrays and the second memory array is 
controlled by one of a control terminal connected to the 

45 external device and a predetermined command. 

[0059] In still another embodiment of the present in- 
vention, the semiconductor storage device further in- 
cludes: an input/output data bus which is used for a 
transfer of the data between the external device and the 

50 plurality of first memory arrays and the second memory 
array; and an internal data bus which is used for a trans- 
fer of the data between the plurality of first memory ar- 
rays and the second memory array, wherein a bus width 
of the internal data bus is greater than that of the input/ 

55 output data bus. 

[0060] Thus, the invention described herein makes 
possible the advantages of providing a semiconductor 
storage device which can eliminate the standby time of 
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a device externally connected to the storage device, 
such as a CPU or the like, during writing of data, and 
which does not require an externally-provided SRAM, 
whereby a chip area can be reduced, 
[0061] These and other advantages of the present in- 
vention will become apparent to those skilled in the art 
upon reading and understanding the following detailed 
description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0062] Figure 1 is a schematic circuit diagram show- 
ing a structure of a memory cell of a flash memory which 
is a non-volatile semiconductor storage device. 
[0063] Figure 2 is a schematic circuit diagram show- 
ing a block structure of a NOR-type flash memory, es- 
pecially showing a relationship between an X-decoder 
and word lines. 

[0064] Figure 3 shows a structure of a memory cell of 
a SRAM which is a volatile semiconductor storage de- 
vice. 

[0065] Figure 4 shows a structure of a semiconductor 
storage device 100 according to embodiment 1 of the 
present invention. 

[0066] Figure 5 shows an exemplary memory map of 
the semiconductor storage device 1 00 according to em- 
bodiment 1 of the present invention. 
[0067] Figure 6 shows a flow of data in the semicon- 
ductor storage device 100 when data is written in an 
SRAM array. 

[0068] Figure 7 is a timing chart which illustrates an 
example of a command to write data in the SRAM array. 
[0069] Figure 8 is a timing chart which illustrates an- 
other example of a command to write data in the SRAM 
array. 

[0070] Figure 9 shows a flow of data in the semicon- 
ductor storage device 100 when data is read from the 
SRAM array to an external CPU. 
[0071] Figure 10 is a timing chart which illustrates an 
example of a command to read data from the SRAM ar- 
ray. 

[0072] Figure 1 1 shows a flow of data in the semicon- 
ductor storage device 100 when data is transferred from 
the SRAM array to a flash memory array. 
[0073] Figure 12 is a timing ohart which illustrates an 
example of a command to transfer data from the SRAM 
array to a flash memory array. 

[0074] Figure 13 is a timing chart which illustrates an 
example of a command to transfer all of the data in the 
SRAM array to the flash memory array en bloc. 
[0075] Figure 1 4 shows a flow of data in the semicon- 
ductor storage device 100 when data is transferred from 
the flash memory array to the SRAM array. 
[0076] Figure 15 is a timing chart which illustrates an 
example of a command to transfer data from the flash 
memory array to the SRAM array. 
[0077] Figure 1 6 is a timing chart which illustrates an- 
other example of a command to transfer data from the 



flash memory array to the SRAM array. 
[0078] Figure 1 7 shows a flow of data in the semicon- 
ductor storage device 100 when data is written into the 
SRAM array during a data transfer from the SRAM array 

s to the flash memory array. 

[0079] Figure 18 is a timing chart for achieving the 
flow of data shown in Figure 17. 
[0080] Figure 19 shows a flow of data in the semicon- 
ductor storage device 100 when a data transfer is not 

10 executed between the SRAM array and the flash mem- 
ory array. 

[0081] Figure 20 shows a flow of data in the semicon- 
ductor storage device 100 when writing of data into the 
SRAM array is prohibited during a data transfer from the 

*s SRAM array to the flash memory array. 

[0082] Figure 21 shows a flow of data in the semicon- 
ductor storage device 100 in the case of outputting to 
the external CPU information indicating transfer state 
data, i.e., indicating that data is being transferred from 

20 the SRAM array to the flash memory array. 

[0083] Figure 22 shows a flow of data when the ex- 
ternal CPU writes data in or reads data from the SRAM 
array during a block erase operation being executed in 
the flash memory array 11. 

25 [0084] Figure 23 is a timing chart for achieving the 
flow of data shown in Figure 22. 
[0085] Figure 24 shows a flow of data during a data 
transfer in the semiconductor storage device 100 where 
the SRAM array has a capacity equal to that of a block 

30 jn the flash memory array. 

[0086] Figure 25A shows another example of a mem- 
ory map of a semiconductor storage device according 
to embodiment 1 of the present invention. Figure 25B 
shows a structure of a semiconductor storage device 

35 1 00* according to embodiment 1 of the present invention 
which has the memory map shown in Figure 25A. 
[0087] Figure 26 shows a structure of a semiconduc- 
tor storage device 100" according to embodiment 1 of 
the present invention. 

40 [0088] Figure 27 shows a structure of a semiconduc- 
tor storage device 200 according to embodiment 2 of 
the present invention. 

[0089] Figure 28 shows a flow of data in the semicon- 
ductor storage device 200 when data is transferred 

45 from/to banks in a flash memory array. 

[0090] Figure 29 shows a flow of data in the semicon- 
ductor storage device 200 during an erase operation in 
a bank of the flash memory array. 
[0091] Figure 30 shows a structure of a semiconduc- 

50 tor storage device 300 according to embodiment 3 of 
the present invention. 

[0092] Figure 31 shows a structure of an SRAM mem- 
ory cell 6a used in SRAM0 and SRAM1 of the semicon- 
ductor storage device 300. 
55 [0093] Figure 32 shows an exemplary flow of data in 
the semiconductor storage device 300. 
[0094] Figure 33 shows a structure of a semiconduc- 
tor storage device 400 according to embodiment 4 of 
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the present invention. 

[0095] Figure 34 shows a structure of a semiconduc- 
tor storage device 500 according to embodiment 5 of 
the present invention. 

[0096] Figure 35 shows an exemplary flow of data in 
the semiconductor storage device 500. 
[0097] Figure 36 shows a structure of a semiconduc- 
tor storage device 600 according to the present inven- 
tion, 

[0098] Figure 37 A shows a structure of a semicon- 
ductor storage device 610 according to the present in- 
vention. Figures 37B and 37C shows structures of ex- 
emplary memory maps. 

[0099] Figure 38 shows a structure of a semiconduc- 
tor storage device 620 according to the present inven- 
tion. 

[0100] Figure 39A shows a structure of a semicon- 
ductor storage device 630 according to the present in- 
vention. Figures 39B and 39C show examples of a data 
transfer in the semiconductor storage device 630. 
[0101] Figure 40 shows a structure of a semiconduc- 
tor storage device 640 according to the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0102] Hereinafter, embodiments of the present in- 
vention will be described with reference to the drawings. 
Through the drawings, like reference numerals denote 
like elements. 

(Embodiment 1) 

[01 03] Figure 4 shows a structure of a semiconductor 
storage device 100 according to embodiment 1 of the 
present invention. 

[01 04] The semiconductor storage device 1 00 shown 
in Figure 4 includes: SRAM0 and SRAM 1 which are sep- 
arate volatile semiconductor storage devices formed by 
SRAM arrays, in each of which data can be'read and 
written; a flash memory array 11 formed by a flash mem- 
ory which is a non-volatile semiconductor storage de- 
vice; a write state machine WSM for transferring data 
between the flash memory array 11 and SRAM0 and 
SRAM1 ; and a command recognition section 12 for rec- 
ognizing a command from an external central process- 
ing unit (external CPU) 50 externalry connected to the 
semiconductor storage device 100. SRAM0 and 
SRAM1 and the flash memory array 11 are formed on a 
same ahip. 

[0105] During a data transfer between the flash mem- 
ory array 11 and SRAM0 and SRAM1, the write state 
machine WSM controls: reading of data from SRAM0 
and SRAM1; writing of data in SRAM0 and SRAM1; 
reading of data from the flash memory array 11 ; writing 
of data in the flash memory array 1 1 ; writing and erasing 
of data in the flash memory array 11 and SRAMO and 



SRAM1 based on an operation command from the ex- 
ternal CPU 50, etc. The command recognition section 
12 recognizes a command from the external CPU 50, e. 
g., a command for SRAMO and SRAM1 to respectively 
5 output flags F1 and F2 which indicate the status of data 
transfer. 

[0106] The data transfer between the semiconductor 
storage device 100 and the external CPU 50 is achieved 
through an input/output data bus 16 connected to an V 
10 o (input/output) pin 34. The data transfer between the 
write state machine WSM and each of SRAMO and 
SRAM1, the data transfer between the write state ma- 
chine WSM and the flash memory array 11, and the 
transfer of a command are achieved through internal 
15 transfer data buses 17. 

[0107] A read operation and a write operation in 
SRAMO are executed separately from those executed 
in SRAM1; and naturally, a read operation and a write 
operation in SRAM 1 are executed separately from those 

20 executed in SRAMO. An access by the external CPU to 
SRAMO or SRAM1 is made based on a combinatorial 
logic of a chip enable signal CE# input from a CE# pin 
31 and an address input concurrently with the chip en- 
able signal CE#. Furthermore, when data is transferred 

25 to SRAMO or SRAM1 , writing and reading of data are 
controlled by an internal control circuit (not shown). 
[0108] In the semiconductor storage device 100 ac- 
cording to embodiment 1, a pair of SRAM arrays 
(SRAMO and SRAM1), which are used separately from 

30 each other, are provided. However, a semiconductor 
storage device of the present invention may include 
three or more SRAM arrays. In such a case, data can 
be flexibly stored in each SRAM array. Furthermore, al- 
though a flash memory (EEPROM) array is used as the 

35 memory array 11 formed by a non-volatile semiconduc- 
tor storage device in embodiment 1 , a memory array 
formed by other types of non-volatile semiconductor 
storage devices, such as an EPROM, may be used. 
Moreover, although SRAM arrays (SRAMO andSRAMI) 

40 are used as the memory arrays formed by volatile sem- 
iconductor storage devices in embodiment 1 , a memory 
array formed by other types of volatile semiconductor 
storage devices, such as a DRAM, may be used. 
[0109] In the semiconductor storage device 100 ac- 

45 cording to embodiment 1, SRAMO, SRAM1, and the 
flash memory array 11 exists in different memory spaces 
as shown in a memory map of Figure 5. An access by 
the external CPU 50 to SRAMO, SRAM1, or the flash 
memory array 1 1 is made based on a combinatorial logic 

50 of a chip enable signal CE# input from the CE# pin 31 
which is a common control terminal and an address sig- 
nal input through an address pin 35. 
[01 1 0] For example, when the external CPU 50 reads 
data from SRAMO and SRAM1 , a desired one of the ad- 

55 dresses of SRAMO and SRAM1 , "200000" to M 20FFFF" 
(Figure 5), is input through the address pin 35, and the 
desired address is accessed based on the chip enable 
signal CE# input through the CE# pin 31 and an output 
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enable signal OE# Input through an OE# pin 33. 
[01 1 1] In this way, a memory array to be accessed can 
be automatically selected based on an Input address. 
Thus, with only a single pin, i.e., the CE# pin 31, the 
external CPU 50 can access SRAMO, SRAM1 , and the 
flash memory array 11. 

[01 12] An operation of the semiconductor storage de- 
vice 100 having the above structure is now described. 
Firstly, a case where data input from the external CPU 
50 is stored in the SRAM array is described. Specifically, 
a case where data is written in SRAMO is described with 
reference to Figures 6 and 7. Figure 7 is a timing chart 
which illustrates an example of a command to write data 
in SRAMO. 

[01 1 3] As shown in Figure 7, data to be written, "Write 
Data", and an address, "SRAMO address", are issued 
by the external CPU 50 through the I/O pin 34 and the 
input/output data bus 16 for starting a write operation. 
Then, when the chip enable signal CE# and a write en- 
able signal WE# input through a WE# pin 32 are both at 
a low level, the data to be written, "Write Data", is written 
in an address within SRAMO which is designated by the 
"SRAMO address". In the case where a continuous se- 
ries of data is written in SRAMO, the above write oper- 
ation is repeatedly executed. 

[0114] Typically, the input/output data bus 16 con- 
nected to the I/O pin 34 has a bus width of 16 bits or 8 
bits. In such a case, data of 1 6 bits or 8 bits can be writ- 
ten in SRAMO within a write cycle time of about 100 ns. 
[0115] Thus, since an address in SRAMO Is designat- 
ed in the address signal as an address in which data is 
to be stored, the data is reliably stored in the designated 
address in SRAMO. 

[0116] Alternatively, in place of the write method de- 
scribed with reference to Figure 7, data may be written 
in SRAMO (or SRAM1) on the condition that the data is 
transferred to the flash memory array 11 later. In this 
case, a transfer command which initiates a transfer via 
SRAMO is issued the external CPU 50 together with an 
address of the flash memory array. In the next command 
cycle, the amount of data to be written (i.e., the amount 
of data to be transferred) is issued together with an ad- 
dress of the flash memory array. Then, a write operation 
is executed based on the chip enable signal CE# and a 
write enable signal WE*, whereby the data, "Write Da- 
ta", is written in SRAMO together with the address in the 
flash memory array 11 to which the "Write Data" will be 
transferred, 

[01 17] In this case, since an address in the flash mem- 
ory array 11 is designated in the address signal as an 
address in which data is to be stored, the command rec- 
ognition section 1 2 recognizes that the first command is 
a command which initiates a data transferto the address 
in the flash memory array 1 1 . According to the data write 
method described with reference to Figure 8, sets of the 
"Write Data" and addresses of the flash memory array 
1 1 which can store an amount of the "Write Data" which 
is designated in the second command cycle are repeat- 



edly written in SRAMO in and after the third command 
cycle. 

[01 1 8] The time required for writing data in the SRAM 
array is about 1 00 ns, which is shorter than that required 
5 for writing the data in the flash memory array 1 1 . Th us, 
the external CPU 50 is available for other operations af- 
ter having written data in the SRAM array within a short 
time period. 

[0119] As described above, in the case where data is 
10 directly written in the flash memory array 1 1 without tem- 
porarily storing the data in the SRAM, the external CPU 
50 experiences a long standby time, which starts when 
the external CPU 50 issues a command of a data pro- 
gram operation in the flash memory array 11 and ends 
15 when a command of a next data program operation in 
the flash memory array 1 1 is started, because a long 
time is required for writing the data in the flash memory 
array 11 . This standby time restricts the use of the ex- 
ternal CPU 50. Thus, as the time required for writing da- 
20 ta in the flash memory array 11 increases, the external 
CPU 50 is exclusively used for writing of data in the flash 
memory array 11, and is not available for other opera- 
tions. 

[0120] However, according to the semiconductor stor- 
es age device 100 according to embodiment 1 of the 
present invention, data is written in the SRAM array 
within a short time period, and thereafter, the data stored 
in the SRAM array is transferred to the flash memory 
array 11 by the write state machine WSM. As a result, 
30 immediately after having written data in the SRAM array 
within a short time period, the external CPU 50 is avail- 
able for other operations. 

[0121] Next, a case where data stored in the SRAM 
array is read by the external CPU 50 is described. Spe- 
35 cificalfy, reading of data from SRAMO is described with 
reference to Figures 9 and 10. Figure 10 is a timing chart 
which illustrates an example of a command to read data 
from SRAMO. 

[0122] The data read from SRAMO is output to the ex- 
40 ternal CPU 50 through the input/output data bus 16 and 
the I/O pin 34. In the case where data stored in SRAMO 
is read out, an address in SRAMO from which data is to 
be read is designated, and the data in the designated 
address, "Read Data", is read out when the chip enable 
45 signal CE# and the output enable signal OE# are both 
at a low level. In the case where a continuous series of 
data is read from SRAMO, the above read operation is 
repeatedly executed. 

[0123] Next, a data transfer from the SRAM array to 
50 the flash memory array 11 is described. Specifically, a 
data transfer from SRAMO to the flash memory array 1 1 
is described with reference to Figures 1 1 and 1 2. Figure 
12 is a timing chart which illustrates an example of a 
command to transfer particular data in SRAMO to the 
55 flash memory array 11. 

[0124] After writing of data in SRAMO has been com- 
pleted in the above-described manner, when a user is- 
sues a data transfer command shown in Figure 12, the 
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write state machine WSM in the semiconductor storage 
device 100 starts to transfer data stored in an address 
in SRAMO, which is designated by the data transfer 
command, to an address in the flash memory array 11 . 
[0125] In the command sequence shown in Figure 12, 
a transfer SF command is a command which directs the 
write state machine WSM to prepare for data transfer 
from the SRAM array to the flash memory array 1 1 . The 
transfer confirmation command is a command which di- 
rects the write state machine WSM to confirm whether 
or not input data is correct and whether or not a transfer 
can be started. Furthermore, a transfer destination start 
address in the flash memory array 1 1 indicates a first 
address in the flash memory array 11 to which the data 
is transferred. A transfer origin start address and a trans- 
fer origin end address in SRAMO respectively indicate 
the first address and the last address in SRAMO from 
which data to be transferred to the flash memory array 

11 is readout. 

[0126] After the command sequence shown in Figure 

12 has been issued, the write state machine WSM sets 
a flag FO in SRAMO which indicates an execution of 
transfer. With this flag FO, it can be recognized that the 
data is being transferred from SRAMO to the flash mem- 
ory array 1 1 . 

[0127] Thereafter, the write state machine WSM 
starts reading data from the designated transfer origin 
start address in SRAMO in response to the command 
from the external CPU 50. Then, the data read from 
SRAMO is written in the transfer destination start ad- 
dress in the flash memory array 11 according to the 
above-described write method. The write state machine 
WSM repeats such a process until all of the data to be 
transferred to the flash memory array 11 is transferred, 
whereby the data transfer from SRAMO to the flash 
memory array 11 is completed. 

[0128] Such a data transfer operation is automatically 
executed by the write state machine WSM in the semi- 
conductor storage device 100 based on the commands 
supplied by the external CPU 50, whereby data in 
SRAMO is transferred to any address in the flash mem- 
ory array 11 without interruption. Thus, since the write 
state machine WSM in the semiconductor storage de- 
vice 100 executes a data transfer from SRAMO to the 
flash memory array 11, the external CPU 50 does not 
need to manage the writing of data in the flash memory 
array 11 . Therefore, the external CPU 50 is available for 
other operations during the data transfer from SRAMO 
to the flash memory array 11 . 

[0129] Figure 13 shows an example of a command 
which directs all of the data in SRAMO to be transferred 
en bloc to the flash memory array 1 1 . In this case, firstly, 
the transfer destination start address in the flash mem- 
ory array 11 is supplied along with the transfer SF com- 
mand. In the next command cycle, the transfer origin 
address in SRAMO is supplied along with the transfer 
confirmation command. 

[01 30] After the command sequence shown in Figure 



13 is supplied from the external CPU 50, the write state 
machine WSM sets in SRAMO a flag FO which indicates 
an execution of transfer. Thereafter, the write state ma- 
chine WSM reads data from the designated transfer or- 

5 jgin start address in SRAMO in response to the transfer 
SF command supplied from the external CPU 50. Then , 
the write state machine WSM writes the data read from 
SRAMO in the transfer destination start address in the 
flash memory array 11 in the same manner as the 

10 above-described data program operation. The write 
state machine WSM repeats such a process until all of 
the data to be transferred to the flash memory array 1 1 
(i.e., ail of the data in SRAMO) is transferred, whereby 
the data transfer from SRAMO to the flash memory array 

15 1 1 is completed. 

[0131] In the timing charts of Figures 12 and 13, the 
number of command cycles is 3 cycles and 2 cycles, 
respectively. However, according to the present inven- 
tion, the number of command cycles may be set to any 

20 number of cycles. 

[01 32] A data transfer from the flash memory array 1 1 
to the SRAM array is now described. Specifically, a data 
transfer from the flash memory array 11 to SRAMO is 
described with reference to Figures 14 and 15. Figure 

25 15 is a timing chart which illustrates an example of a 
command to transfer data in the flash memory array 11 
to SRAMO. 

[01 33] In the command sequence shown in Figure 15, 
a transfer FS command is a command which directs the 

30 write state machine WSM to prepare for data transfer 
from the flash memory array 1 1 to the SRAM array. The 
transfer confirmation command is a command which di- 
rects the write state machine WSM to confirm whether 
or not data included in the command sequence which 

35 has been input before the transfer confirmation com- 
mand is correct and whether or not a transfer can be 
started. Furthermore, a transfer destination start ad- 
dress in SRAMO indicates a first address to which the 
data is transferred. A transfer origin start address and a 

^0 transfer origin end address in the flash memory array 1 1 
respectively indicate the first address and the last ad- 
dress in the flash memory array 11 from which data to 
be transferred to SRAMO is read out. 
[0134] The write state machine WSM transfers data 

45 stored in the transfer origin start address through the 
transfer origin end address in the flash memory array 1 1 
to the transfer destination start address and addresses 
subsequent thereto without interruption. 
[0135] Specifically, after the data transfer command 

50 included in the command sequence of Figure 15 is is- 
sued by the external CPU 50, the write state machine 
WSM in the semiconductor storage device of the 
present invention starts a data transfer from the desig- 
nated address in the flash memory array 1 1 (transfer or- 

55 jgin start address) to the designated address in SRAMO 
(transfer destination start address). 
[01 36] After the command sequence shown in Figure 
15 has been issued, the write state machine WSM sets 



9 



17 



EP1 164 594 A1 



18 



in SRAMO a flag FO which indicates an execution of 
transfer. With this flag FO, it can be recognized that data 
is being transferred from the flash memory array 1 1 to 
SRAMO. 

[0137] Thereafter, the write state machine WSM 
starts reading data from the designated transfer origin 
start address in the flash memory array 11 in response 
to the command from the external CPU 50. Then, the 
data read from the flash memory array 11 is written in 
the transfer destination start address in SRAMO accord- 
ing to the above-described write method. The write state 
machine WSM repeats such a process until all of the 
data to be transferred to SRAMO is transferred, whereby 
the data transfer from the flash memory array 11 to 
SRAMO is completed. 

[0138] Figure 16 shows an example of a command 
which directs ail of the data in the flash memory array 
11 to be transferred en bloc to SRAMO. In this case, after 
the command sequence shown in Figure 16 is supplied 
from the external CPU 50, the write state machine WSM 
sets in SRAMO a flag FO which indicates an execution 
of transfer. Thereafter, the write state machine WSM 
reads data from the designated transfer origin start ad- 
dress in the flash memory array 11 in response to the 
transfer command supplied from the external CPU 50. 
Then, the write state machine WSM writes the data read 
from the flash memory array 11 in the transfer destina- 
tion start address in SRAMO in the same manner as the 
above-described data write operation. The write state 
machine WSM repeats such a process until all of the 
data to be transferred to SRAMO (i.e., all of the data in 
the flash memory array 11) is transferred, whereby the 
data transfer from the flash memory array 1 1 to SRAMO 
is completed. 

[0139] In the timing charts of Figures 15 and 16, the 
number of command cycles is 3 cycles and 2 cycles, 
respectively. However, according to the present inven- 
tion, the number of command cycles may be set to any 
number of cycles. 

[01 40] Next, operations which can be executed by the 
external CPU 50 during the data transfer from the SRAM 
array to the flash memory array 11 will be described. 
[0141] Figure 17 shows a flow of data when data is 
written from the outside of the semiconductor storage 
device 100 into SRAM1 during a data transfer from 
S RAMO to the flash memory array 1 1 . Figure 1 8 is a tim- 
ing chart for achieving the flow of data shown in Figure 
17. 

[0142] First, in the same manner as the timing chart 
shown in Figure 7, data is written in a designated ad- 
dress in SRAMO. Then, in the same manner as the tim- 
ing chart shown in Figure 13, the write state machine 
WSM receives a transfer destination start address in the 
flash memory array 11 together with a transfer SF com- 
mand. In the next command cycle, the write state ma- 
chine WSM receives a transfer origin start address in 
SRAMO together with the transfer certification com- 
mand. Based on these addresses and the commands 



included in the command sequence shown in Figure 18, 
the write state machine WSM transfers data from 
SRAMO to the flash memory array 11. 
[0143] Then, the external CPU 50 writes data in a des- 
5 ignated address in SRAM1 in the same manner as the 
timing chart shown in Figure 7. During the writing of data 
by the external CPU 50, the write state machine WSM 
in the semiconductor storage device 100 is transferring 
the data from SRAMO to the flash memory array 1 1 . 

w [0144] Naturally, even in the case where data is trans- 
ferred from the flash memory array 11 to SRAMO as de- 
scribed with reference to Figures 1 4, 1 5, and 1 6, the ex- 
ternal CPU 50 can access SRAM1 . 
[0145] As described above, the semiconductor stor- 
es age device 100 of the present invention includes 
SRAMO and SRAM1 which operate separately from 
each other. Thus, the external CPU 50 can access 
SRAM1 , and accordingly write data in or read data from 
SRAM1, during the data transfer from SRAMO to the 

20 flash memory array 1 1 or during the data transfer from 
the flash memory array 11 to SRAMO. 
[0146] In the semiconductor storage device 100 of the 
present invention, in the case where the write state ma- 
chine WSM executes a data transfer, the write state ma- 

25 chine WSM may compare data at a transfer origin with 
data at a transfer destination. If the data at the transfer 
origin is the same as the data at the transfer destination, 
the data transfer may be cancelled. A flow of data in 
such a case is shown in Figure 19. 

30 [0147] A case where data in the flash memory array 
11 is transferred to SRAMO is described with reference 
to Figure 19. Receiving the data transfer command, the 
write state machine WSM reads data from the flash 
memory array 11 (transfer origin), and on the other 

35 hand, reads data from SRAMO (transfer destination). 
Then, the write state machine WSM compares these da- 
ta. If these data are identical, the data read from the flash 
memory array 11 is not transferred to SRAMO. If these 
data are different, the data read from the flash memory 

40 array 11 is transferred to and written in SRAMO. Such a 
process is executed for each data transfer. 
[0148] Thus, since a data transfer is not executed 
when the data at the transfer origin and the data at the 
transfer destination are identical, the time required for 

4 5 data transfer can be reduced. 

[01 49] Alternatively, according to the present inven- 
tion, during a data transfer from SRAMO to the flash 
memory array 1 1 or during a data transfer from the flash 
memory array 11 to SRAMO, a data transfer status of 

50 an SRAM array which is used for the data transfer may 
be output to the external CPU 50 by means of a status 
register or polling. For example, in the storage device 
100 shown in Figure 19, during the data transfer from 
SRAMO to the flash memory array 1 1 , the flag FO which 

55 indicates that data in SRAMO is being transferred is out- 
put to the external CPU 50. 

[01 50] For example, the external CPU 50 supplies the 
semiconductor storage device 100 with a predeter- 
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mined command to turn the storage device 100 into a 
status register read mode, whereby flag information 
which indicates data transfer for SRAMO and SRAM1 is 
output to the input/output pin 34. Then, by mahipulating 
the CE# pin 31 and the OE# pin 33, the flag information s 
at the input/output pin 34 is read by the external CPU 
50. Which information (i.e., information for SRAMO or 
information for SRAM1) is output is determined accord- 
ing to an address supplied from the external CPU 50 
through the address pin 35. 10 
[0151 J Furthermore, when a write access or a read ac- 
cess to SRAMO or SRAM1 is made by the external CPU 
50 during a data transfer from SRAMO or SRAM1 to the 
flash memory array 11, the access may by prohibited. 
For example, when the externa! CPU 50 inputs to the 15 
semiconductor storage device 100 an access signal for 
reading data from or writing data in SRAMO while the 
write state machine WSM is transferring data in SRAMO 
to the flash memory array 11 , this access signal is dis- 
abled for prohibiting the access by the external CPU 50 20 
to SRAMO. A flow of data in such a case is shown in 
Figure 20. 

[01 52) As shown in Figure 20, in this case, the flag F0 
which indicates that data in SRAMO is being transferred 
to the flash memory array 11 is set in SRAMO by the 25 
write state machine WSM. In the case where the exter- 
nal CPU 50 inputs to the semiconductor storage device 
100 an access signal for reading data from or writing 
data in SRAMO, the access by the external CPU 50 to 
SRAMO is prohibited in response to a combinatorial log- 30 
ic of a set signal for the flag FO and the access signal 
from the external CPU 50. (This prohibition mechanism 
is incorporated in the structure of a hardware, i.e., the 
semiconductor storage device 100.) With such a mech- 
anism, the write state machine WSM can execute the 35 
data transfer from SRAMO to the flash memory array 1 1 
without being interrupted. 

[0153] In the above example, the prohibition mecha- 
nism is incorporated in a structure of a hardware. How- 
ever, according to the present invention, the access by <o 
the external CPU 50 to SRAMO may be prohibited by a 
command or an external control terminal. 
[0154] Conversely, according to the present inven- 
tion, when a write access or a read access to SRAMO 
orSRAMI is made by the external CPU 50 during a data 45 
transfer from SRAMO or SRAM1 to the flash memory 
array 11, the access by the external CPU 50 may be 
dealt with prior to the data transfer. For example, when 
the external CPU 50 inputs to the semiconductor stor- 
age device 100 an access signal for reading data from 50 
or writing data in SRAMO while the write state machine 
WSM is transferring data in SRAMO to the flash memory 
array 11, the access by the external CPU 50 may be 
dealt with prior to the data transfer by interrupting the 
data transfer. A flow of data in such a case is shown in 55 
Figure 21 . 

[01 55] As shown in Figure 21 , in this case, the flag F0 
which indicates that data in SRAMO is being transferred 



to the flash memory array 11 is set in SRAMO by the 
write state machine WSM. In the case where the exter- 
nal CPU 50 inputs to the semiconductor storage device 
100 an access signal for reading data from or writing 
data in SRAMO, in response to a combinatorial logic of 
a set signal for the flag F0 and the access signal from 
the external CPU 50, the external CPU 50 supplies the 
write state machine WSM with an interrupt signal for in- 
terrupting the data transfer from SRAMO to the flash 
memory array 1 1 . In response to the interrupt signal, the 
write state machine WSM suspends the data transfer 
from SRAMO to the flash memory array 11 and allows 
the external CPU 50 to access SRAMO. 
[0156] Thereafter, the external CPU 50 accesses 
SRAMO to read data from or write data in SRAMO. After 
the reading or writing of data is completed, the interrupt 
signal is disabled. The write state machine WSM then 
resumes the data transfer from SRAMO to the flash 
memory array 11 . 

[01 57] As described above, the data transfer from the 
SRAM array to the flash memory array 11 is automati- 
cally executed by the write state machine WSM in the 
semiconductor storage device 100 based on the com- 
mands supplied by the external CPU 50. Thus, even 
when data is being transferred between one of the. 
SRAM arrays (in the above example, SRAMO) and the 
flash memory array 11, the external CPU 50 can read 
data from or write data in the other SRAM array 
(SRAM1), or the external CPU 50 can read data from, 
write data in, or erase data from the flash memory array 
11. Since a restriction on an operation of the external 
CPU 50 is lightened, the processing capacity of the ex- 
ternal CPU 50 improves. 

[0158] In the above example, the mechanism for in- 
terrupting the data transfer from SRAMO to the flash 
memory array 1 1 is incorporated in a structure of a hard- 
ware. However, according to the present invention, the 
data transfer may be interrupted by a command or an 
external control terminal. 

[0159] Furthermore, in the semiconductor storage de- 
vice 100 of the present invention, the external CPU 50 
may write data in or read data from the SRAM array 
through the I/O pin 34 during a block erase operation 
where data in a block of the flash memory array 11 is 
erased en bloc or during the writing of data in the flash 
memory array 11 . Figure 22 shows a flow of data when 
the external CPU 50 writes data in or reads data from 
the SRAM through the I/O pin 34 during a block erase 
operation being executed in the flash memory array 11 . 
Figure 23 is a timing chart which shows an example of 
a command used in such a case. 
[0160] In this case, in response to a receipt by the 
semiconductor storage device 100 of an erase com- 
mand supplied by the external CPU 50 for erasing a par- 
ticular block in the flash memory array 11, an address 
of the block from which data is to be erased is stored in 
the write state machine WSM, and the write state ma- 
chine WSM starts a block erase operation for the block 
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in the flash memory array 11 which is designated by the 
erase command. 

[0161] During the data erasure by the write state ma- 
chine WSM from the block in the flash memory array 11, 
the external CPU 50 executes reading of data from 5 
SRAM1 or writing of data in SRAM 1 through the address 
pin 35 and the I/O pin 34. Thus, the block erasure by the 
write state machine WSM and the access operation by 
the external CPU 50 to the SRAM array can be executed 
in a parallel manner 10 
[0162] In the semiconductor storage device 100 of the 
present invention, one of SRAM0 and SRAM1 may have 
a capacity equal to that of a block in the flash memory 
array 11 from which data can be erased en bloc, or may 
have a capacity which is a multiple or divisional of the 
capacity of a block in the flash memory array 11 from 
which data can be erased en bloc. In such a case, a part 
of data written in a block of the flash memory array 11 
can be readily transferred to SRAM0 or SRAM1 . 
[01 63] Figure 24 shows a flow of data in the s em icon- 20 
ductor storage device 100 where SRAM0 has a capacity 
equal to that of one block of the flash memory array 1 1 . 
When a part of data written in a block of the flash mem- 
ory array 11 is replaced, all of the data stored in the block 
of the flash memory array 11 (which is equal to the ca- 25 
pacity of SRAM0) is transferred by the write state ma- 
chine WSM to SRAM0 so as to be temporarily stored 
therein. Then, the data in the block of the flash memory 
array 11 is erased. During the data erasure from the 
block, a part of the data temporarily stored in SRAM0 is 30 
replaced with other data. After the data erasure from the 
block of the flash memory array 11 is completed, all of 
the data temporarily stored in SRAM0 is transferred by 
the write state machine WSM to the block from which 
the previous data has been erased. 35 
[01 64] Thus, in the semiconductor storage device 1 00 
where SRAM0 has a capacity equal to that of one block 
of the flash memory array 11 , when data is transferred 
between the flash memory array 11 and SRAM0, the 
transfer destination address (address to which the data *o 
is to be transferred) can be readily designated. 
[01 65] Alternatively, in the semiconductor storage de- 
vice 100 where each of SRAM0 and SRAM1 has a ca- 
pacity which is a half of the capacity of one block of the 
flash memory array 11, data in the block of the flash 45 
memory array 1 1 is divided into halves, and the respec- 
tive halves are transferred to SRAM0 and SRAM1 en 
bloc. After the data transfer to SRAM0 and SRAM1 , the 
data in the block of the flash memory array 11 is erased. 
During the data erasure from the block, a part of the data so 
temporarily stored in SRAM0 and SRAM1 is replaced 
with other data. After the data erasure from the block of 
the ffash memory array 11 is completed, all of the data 
temporarily stored in SRAMO and SRAM1 is transferred 
en bloc by the write state machine WSM to the block 55 
from which the previous data has been erased. 
[0166] In this case also, when data is transferred be- 
tween the flash memory array 11 and SRAMO and 



SRAM1. the transfer destination address (address to 
which the data is to be transferred) can be readily des- 
ignated. 

[0167] In the semiconductor storage device 100 of the 
present invention, the SRAM arrays (SRAMO and 
SRAM1) and the flash memory array 11 may exist in the 
same memory space as shown in Figure 25A. In such 
a case, SRAMO and SRAM1 and the flash memory array 
11 may be controlled by different control signals. For ex- 
ample, a semiconductor storage device 100' shown in 
Figure 25B includes a CE0# pin 36 and a CE1# pin 37. 
Through the CE0# pin 36, a CE0# signal for controlling 
the flash memory array 11 is input. Through the CE1# 
pin 37, a CE1# signal for controlling SRAMO and 
SRAM1 is input. Accesses by the external CPU 50 to 
the flash memory array 11 and SRAMO and SRAM1 are 
achieved by a switching between the CE0# pin 36 and 
theCE1#pin37. 

[0168] For example, in the semiconductor storage de- 
vice 100' where both a memory space of SRAMO and 
SRAM1 and a memory space of the flash memory array 
11 include an address "000000", when the address 
"000000" is input along with the output enable signal 
OE# input through the OE# pin 33 and the chip enable 
signal input through the CE0# pin 36, data is reliably 
read from the address "000000" in the flash memory ar- 
ray 1 1 . 

[0169] Since in the semiconductor storage device 
100' which has the CE0# pin 36 and the CE1# pin 37, 
the SRAM arrays and the flash memory array 1 1 can be 
operated separately from each other, a function of the 
SRAM arrays, such as a data maintain mode, can be 
used. Furthermore, the semiconductor storage device 
100* can be readily replaced with a stacked package 
product including an SRAM and a flash memory which 
is used in, for example, a portable phone, etc., as long 
as the storage device 100* has compatibility for terminal 
operations with the portable phone. 
[0170] Figure 26 shows a semiconductor storage de- 
vice 100" including a chip enable switch 21 which 
switches the operation mode between two modes: in 
one mode, a CE0# pin 36 is used, but a CE1# pin 37 is 
not used; in the other mode, both the CE0# pin 36 and 
the CE1 # pin 37 are used. Specifically, in the first mode, 
an access to SRAMO and SRAM1 and the flash memory 
array 11 is achieved according to a chip enable signal 
input through the CE0# pin 36 and an address signal. 
In the second mode, an access to the flash memory ar- 
ray 11 is achieved according to the chip enable signal 
input through the CE0# pin 36 and the address signal, 
and an access to SRAMO and SRAM1 is achieved ac- 
cording to the chip enable signal input through the CE1 # 
pin 37 and the address signal. With such a switching 
mechanism, the semiconductor storage device 100" 
can readily establish compatibility with a system includ- 
ing the external CPU 50. 

[0171] The chip enable switch 21 is not limited to a 
structure where the switching is achieved by control ter- 
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minals provided to the storage device 100". According 
to the present invention, the switching may be achieved 
by a predetermined command. 

(Embodiment 2) 

[01 72] Figure 27 shows a structure of a semiconduc- 
tor storage device 200 according to embodiment 2 of 
the present invention. In the semiconductor storage de- 
vice 200 , a flash memory array 11 includes BankO and 
Bankl . In one of BankO and Bankl , writing, erasing, and 
reading of data can be executed separately from those 
executed in the other Bank. Note that the flash memory 
array 11 may include two or more banks. 
[0173] Generally, as disclosed in Japanese Laid- 
open Publication No. 10-144086, in a flash memory in- 
cluding a plurality of banks, a read operation in one bank 
can be executed in parallel with a program operation or 
erase operation in other bank. Thus, in addition to the 
operations executable during a data transfer between a 
bank in the flash memory and SRAMO and SRAM1 (as 
described in embodiment 1 , for example, writing of data 
in SRAMO and SRAM1 and reading of data in SRAMO 
and SRAM1 ), data can be read from a bank which does 
not include a data transfer origin or a data transfer des- 
tination to the external CPU 50, Figure 28 shows a flow 
of data when data is read from Bankl to an external CPU 
50 during a data transfer from SRAMO to BankO of the 
flash memory array 11. 

[0174] Furthermore, in the flash memory array 11 in- 
cluding a plurality of banks, during a block erase oper- 
ation by the write state machine WSM or a program op- 
eration In Bankl by the external CPU 50, the external 
CPU 50 can access SRAMO or SRAM1 (for executing, 
for example, a read operation or a write operation) and 
read data from BankO of the flash memory array 11. A 
flow of data in such a case is shown in Figure 29. 
[0175] In this case, in response to a receipt of a block 
erase command by the write state machine WSM, an 
address of a block in Bankl of the flash memory array 
1 1 from which data is to be erased is stored in the write 
state machine WSM, and then, the write state machine 
WSM starts a block erase operation for the block in 
Bankl of the flash memory array 11. 
[0176] During this block erase operation in Bankl by 
the write state machine WSM, the external CPU 50 
reads data from or writes data in SRAM1 through the 
address pin 35 and the I/O pin 34. Furthermore, the ex- 
ternal CPU 50 reads data through the address pin 35 
and the I/O pin 34 from BankO of the flash memory array 
11 in which a block erase operation is not being execut- 
ed. 

[01 77] In this way, the block erase operation in Bankl 
by the write state machine WSM, the access operation 
to the SRAM array by the external CPU 50, and the read 
operation from BankO can be executed in a parallel man- 
ner. 



(Embodiment 3) 

[0178] Figure 30 shows a structure of a semiconduc- 
tor storage device 300 according to embodiment 3 of 
5 the present invention . In the semiconductor storage de- 
vice 300, each of SRAMO and SRAM1 can be reset to 
a predetermined state by a reset enable signal which is 
input to the semiconductor storage device 300 through 
a RESET pin 38. 

[01 79] Figure 31 shows a structure of an SRAM mem- 
ory cell 6a used in SRAMO and SRAM1 of the semicon- 
ductor storage device 300. The SRAM memory cell 6a 
is different from the SRAM memory cell 6 shown in Fig- 
ure 3 in that the SRAM memory cell 6a includes a reset 
transistor 9 at a node between one of switch transistors 
7 and a pair of inverters 8. A control gate of the reset 
transistor 9 functions as a reset enable node to which a 
reset enable signal RESET is input. When the reset en- 
able node is at a high level "H", the SRAM memory cell 
6a is reset to a predetermined state. 
[0180] Reset terminals of all of the SRAM memory 
cells 6a used in SRAMO and SRAM1 are connected to- 
gether to a RESET pin 38 of the semiconductor storage 
device 300 as shown in Figure 30. In a normal state, the 
RESET pin 38 is at a low level V. A reset enable signal 
of a high level can reset SRAMO and SRAM1 altogether 
to a predetermined state. When the RESET pin 38 goes 
to a low level "L", SRAMO and SRAM1 are released from 
the reset state (i.e., the predetermined state). 
[0181] In the semiconductor storage device 300 hav- 
ing such a structure, by setting the reset enable node to 
a high level "H", contents of SRAMO and SRAM1 can 
be reset to a predetermined state. Thus, the contents of 
SRAMO and SRAM1 can be reset altogether. 
[0182] The semiconductor storage device 300 is not 
limited to a structure where SRAMO and SRAM1 are re- 
set together by a reset enable signal which is input 
through the RESET pin 38. According to the present in- 
vention, the write state machine WSM may reset 
SRAMO and SRAM1 together according to a predeter- 
mined reset command supplied by the external CPU 50. 
[01 83] Alternatively, each SRAM memory cell may be 
reset separately. Specifically, in response to a predeter- 
mined reset command supplied by the external CPU 50, 
data content stored in a particular SRAM memory eel) 
which is designated by the reset command is transf ened 
to another memory cell, and the designated SRAM 
memory cell is reset. In this case, all data stored in the 
SRAM memory cells 6a within a particular area of 
SFIAM0 and SRAM1 can be reset to a predetermined 
data. 

[0184] In the semiconductor storage device 300 hav- 
ing such a reset function, an overwrite over data stored 
in the flash memory array 11 can be prevented. In the 
flash memory array 1 1 , an overwrite over data stored in 
a particular address is possible. However, after data has 
been written in the flash memory array 11, the data is 
erased on a block by block basis. Thus, once data is 
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erroneously overwritten in a cell of the flash memory ar- 
ray 11, it is difficult to correct such an error 
[0185] Referring to Figure 32, in the semiconductor 
storage device 300 having the above reset function, af- 
ter data is transferred from a particular region in SRAMO 
(with slanted lines) to the flash memory array 11, the 
particular region may be reset by the write state machine 
WSM. In this case, if a reset memory cell (i.e., erased 
memory cell) of the flash memory array 11 has a value 
of "0", it is preferable that the particular region be reset 
so that each of memory cells in the particular region has 
a value of "0". With such an arrangement, after SRAMO 
has been reset, even if the particular region in SRAMO 
is designated in a data transfer command as a data 
transfer origin, data in the particular region cannot be 
written over data in the flash memory array 1 1 because 
the value of the memory cells in the particular region is 
"O". Therefore, there is no possibility that a data transfer 
from SRAMO to the flash memory array 11 causes an 
overwrite of data in the flash memory array 11 . 

(Embodiment 4) 

[01 86] Figure 33 shows a structure of a semiconduc- 
tor storage device 400 according to embodiment 4 of 
the present invention. The semiconductor storage de- 
vice 400 includes a RAMPROTECT pin 39 for achieving 
a data overwrite protect operation in each of SRAMO 
and SRAM1. When the RAMPROTECT pin 39 is at a 
high level "H", data in SRAMO or SRAM1 is protected 
from an overwrite access. Specifically, when the RAM- 
PROTECT pin 39 is at a high level "H", the semiconduc- 
tor storage device 400 provides a lock bit to SRAMO or 
SRAM1 so as to thrust a data write control circuit of 
SRAMO or SRAM1 into an inactive state, whereby writ- 
ing of data in SRAMO and SRAM1 cannot be executed. 
Furthermore, when SRAMO and SRAM1 are in the over- 
write protection state, lock flags RF1 and RF2 are set 
on SRAMO and SRAM 1 , respectively. With the lock flags 
RF1 and RF2, the external CPU 50 can recognize that 
SRAMO and SRAM1 are in the overwrite protection 
state. 

[0187] The lock bit is given to each of SRAMO and 
SRAM1 so that the data write control circuits of SRAMO 
and SRAM1 can be separately thrust into an inactive 
state. Thus, an overwrite of data can be prevented for 
each of SRAMO and SRAM1 . 

(Embodiment 5) 

[0188] Figure 34 shows a structure of a semiconduc- 
tor storage device 500 according to embodiment 5 of 
the present invention. The semiconductor storage de- 
vice 500 has a power-down function: when an RP# sig- 
nal is pulled to a low level, the state of a control circuit 
is initialized and the semiconductor storage device 500 
is thrust into a sleep state, whereby a power consump- 
tion by the semiconductor storage device 500 is re- 



duced. In the semiconductor storage device 500, when 
a predetermined supply voltage is applied to the semi- 
conductor storage device 500 (power-on) or when the 
semiconductor storage device 500 is returned from the 
5 power-down state to an active state by pulling the RP# 
signal to a high level, data stored in a predetermined 
area within the flash memory array 1 1 is automatically 
transferred to SRAMO or SRAM1. In order to achieve 
this function, the semiconductor storage device 500 in- 
fo eludes a voltage detector circuit 14, an RP# pin 40 for 
receiving a command for a power-down operation (RP# 
signal), and a data transfer informat ton circuit 1 5 for stor- 
ing data transfer information about a data transfer from 
the flash memory array 11 to SRAMO and SRAM1 . 
15 [0189] The data transfer information circuit 15 stores 
a transfer origin start address and a transfer origin end 
address in the flash memory array 1 1 and a transfer des- 
tination start address in SRAMO which are designated 
for the data transfer from the flash memory array 11 to 
20 SRAMO which is executed at power-on or when the 
semiconductor storage device 500 returns from the 
power-down state to a normal active state. 
[0190] In the semiconductor storage device 500, 
when the voltage detector circuit 14 detects that a power 
25 to the semiconductor storage device 500 is turned on or 
detects according to a variation of the RP# signal that 
the semiconductor storage device 500 is returned from 
the power-down state, the write state machine WSM 
reads from the data transfer information circuit 15 the 
30 transfer origin start address and the transfer origin end 
address in the flash memory array 11 and the transfer 
destination start address in SRAMO and execute a data 
transfer from the flash memory array 11 to SRAMO 
based on the read addresses. In this way, data stored 
35 in the flash memory array 11 can be transferred to 
SRAMO. 

[0191] Thus, since particular data stored in the flash 
memory array 11 is downloaded (transferred) to SRAMO 
when a power to the semiconductor storage device 500 

40 is turned on or when the semiconductor storage device 
500 returns from the power-down state to a normal ac- 
tive state, the external CPU 50 can use the particular 
data immediately after powering-on or returning from 
the power-down state. Such a structure is useful espe- 

45 cially when a program is downloaded from the flash 
memory array 11 to the SRAM array before the external 
CPU 50 reads the program out of the semiconductor 
storage device 500. 

[01 92] In the semiconductor storage device 500, after 
50 data is transferred to the SRAM array, the transferred 
data may be protected from an overwrite access. In this 
case, as shown in Figure 35, lock flags RF1 and RF2 
are provided to SRAMO and SRAM1, respectively, for 
preventing an overwrite of data in SRAMO and SRAM1 . 
55 [0193] In the semiconductor storage device 500, for 
example, when data is transferred from the flash mem- 
ory array 11 to SRAMO, the write state machine WSM 
sets the lock flag RF1 so as to protect SRAMO from an 
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overwrite access, whereby the data transferred to 
SRAMO cannot be replaced with another data. Thus, 
when a program is downloaded from the flash memory 
array 11 to the SRAM array before the external CPU 50 
reads the program out of the semiconductor storage de- 5 
vice 500, there is no possibility that the downloaded pro- 
gram is replaced with another data. 
[0194) Except for the above features, the semicon- 
ductor storage device 500 has the same structure as 
that of the semiconductor storage device 300 shown in 10 
Figure 32. 

[0195] According to the present invention, data may 
be input to/output from a semiconductor storage device 
in synchronization with a clock signal. A semiconductor 
storage device 600 shown in Figure 36 includes a CLK 15 
pin 41 for receiving a clock signal CLK. In the semicon- 
ductor storage device 600, data is input/output through 
the I/O pin 34 in synchronization with the clock signal 
CLK, whereby a synchronous interface is achieved. 
Such a structure realizes reading/writing of data in a 20 
synchronous manner at a higher rate as compared with 
a normal data reading/writing rate. 
[0196] According to the present invention, as shown 
in a semiconductor storage device 610 of Figure 37A, 
a data bus having a 16 bit-width may be used as the 25 
input/output data bus 1 6 where 1 4 bits are used for read- 
ing data from the flash memory array 11 and 2 bits are 
used for reading data from SRAMO and SRAM1. Alter- 
natively, referring to Figure 37B, a 16-bit memory map 
where a decoder circuit allocates 14 bits for the flash 30 
memory array 11 and 2 bits for SRAMO and SRAM1 is 
within the scope of the present invention. With these 
structures shown in Figures 37A and 37B, the external 
CPU 50 can read all of 14-bit data in the flash memory 
array 11 and 2-bit data in SRAMO and SRAM1 during a 35 
single read operation. 

[01 97] Furthermore, when a common write command 
is used for SRAMO and SRAM1 and the flash memory 
array 11 , data can be written in SRAMO and SRAM1 and 
the flash memory array 11 at the same time. *o 
[0198] Thus, since reading/writing of data from/in 
SRAMO and SRAM1 and the flash memory array 1 1 can 
be simultaneously executed, the semiconductor storage 
device 610 can readily establish compatibility with a sys- 
tem including the external CPU 50. 45 
[0199] It should be noted that in the 16-bit memory 
map, the upper two bits may be allocated to SRAMO and 
SRAM1, and the lower fourteen bits may be allocated 
to the flash memory array 11 as shown in Figure 37C. 
[0200] According to the present invention, a semicon- so 
ductor storage device may be structured as shown in 
Figure 38. In a semiconductor storage device 620 of Fig- 
ure 38, the input/output data bus 16 has a 16 bit-width, 
bus-width switches 18a and 18b are provided to the in- 
ternal transfer data buses 1 7 connected to SRAMO and 55 
SRAM1 , respectively, and a bus-width switch 1 8c is pro- 
vided to the internal transfer data bus 17 connected to 
the flash memory array 11. With these switches 18a- 



18c, the bus widths allocated to SRAMO, SRAM1 , and 
the flash memory array 11 are determined at an appro- 
priate ratio according to which of SRAMO, SRAM1 , and 
the flash memory array 11 uses the input/output data 
bus 16. For example, allocation of bus width to SRAMO, 
SRAM1 , and the flash memory array 11 is switched be- 
tween a case where one of at least one of SRAMO and 
SRAM1 and the flash memory array 11 uses the input/ 
output data bus 16 and a case where both of at least 
one of SRAMO and SRAM1 and the flash memory array 
11 uses the input/output data bus 16. The switches 18a- 
18c are switched by predetermined signals or by prede- 
termined commands. 

[0201] Thus, in the semiconductor storage device 620 
having such a structure, reading/writing of data from/in 
SRAMO and SRAM1 and the flash memory array 11 can 
be simultaneously executed. Therefore, the semicon- 
ductor storage device 620 can readily establish compat- 
ibility with a system including the external CPU 50. 
[0202] Furthermore, the internal transfer data bus 17 
may have a greater bus width than that of the input/out- 
put data bus 16. For example, in a semiconductor stor- 
age device 630 of Figure 39 A, the input/output data bus 

16 has a 1 6 bit-width, and the internal transfer data bus 

17 has a 32 bit-width. In such a structure, for example, 
when four 16-bit data sets in the SRAM array are trans- 
ferred to the flash memory array 11 through the interna! 
transfer data bus 17 having a 32 bit-width as shown in 
Figure 39B, a data program operation of 32 bits in the 
flash memory array 11 is executed twice. 

[0203] Alternatively, as shown in Figure 39C, when 
the internal transfer data bus 1 7 has a 1 6 bit-width, when 
four 16-bit data sets in the SRAM array are transferred 
to the flash memory array 11 , a data program operation 
of 1 6 bits in the flash memory array 1 1 must be executed 
four times. 

[0204] Thus, when the internal transfer data bus 17 
has a greater bus width than that of the input/output data 
bus 1 6, reading of data from the SRAM array by the write 
state machine WSM and writing of data in the flash 
memory array 11 by the write state machine WSM can 
be executed at a high rate. 

[0205] A semiconductor storage device according to 
the present invention does not require an SRAM exter- 
nally attached thereto. Furthermore, in the semiconduc- 
tor storage device according to the present invention, 
the memory capacity of the SRAM array can be re- 
duced. As described above, in general, the time re- 
quired for reading data from the SRAM, about 100 ns, 
is substantially the same as that required for reading da- 
ta from the flash memory. However, the time required 
for writing data in the flash memory is considerably long- 
er as compared with writing of data in the SRAM array. 
In the semiconductor storage device according to the 
present invention, the time required for writing data in 
the flash memory is reduced in appearance. Further- 
more, according to the present invention, the flash mem- 
ory can store data which would be stored in the SRAM 
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in a conventional storage device, whereby the capacity 
of the SRAM can be reduced. As a result, the entire chip 
area of the semiconductor storage device can be re- 
duced. 

[0206] In general, the flash memory stores 1 -bit data 
using one transistor, while the SRAM array stores 1-bit 
data using six transistors. Thus, when data is stored in 
the flash memory in place of the SRAM array, the entire 
chip area of the semiconductor storage device can be 
reduced. 

[0207] Furthermore, in a semiconductor storage de- 
vice according to the present invention, during a data 
transfer from an SRAM array to a flash memory, an ex- 
ternal CPU can write data in another SRAM array. In 
such a structure, while data is being written in an SRAM 
array at a high rate, a data transfer from another SRAM 
array to the flash memory can be executed, whereby the 
rate of writing data into the flash memory can be in- 
creased in appearance. 

[0208] Furthermore, according to the present inven- 
tion, a pair of FRAM arrays, in which an overwrite of data 
can be executed at a high rate, can be used in place of 
a pair of SRAM arrays as shown in a semiconductor 
storage device 640 of Figure 40. In this case also, as 
shown in Figure 40, data can be transferred between 
the write state machine WSM and the FRAM arrays, 
FRAM0 and FRAM1 . Note that two or more FRAM ar- 
rays may be provided. 

[0209] In the semiconductor storage device 640, an 
overwrite of data can be executed at a high rate in a 
FRAM array as in an SRAM array. Furthermore, a cell 
area of a FRAM cell included in the FRAM array is small- 
er than that of an SRAM cell included in the SRAM array. 
Thus, the entire chip area can be reduced. 
[0210] Thus, in a semiconductor storage device ac- 
cording to the present invention, data is temporarily 
stored in a first memory array formed by a volatile sem- 
iconductor storage device which requires a short time 
for writing data therein, such as an SRAM, or formed by 
a non -volatile semiconductor storage device which en- 
ables a high-rate operation, and then, the temporarily- 
stored data is transferred en bloc to a second memory 
array formed by a non-volatile semiconductor storage 
device, such as a flash memory, etc. With such an ar- 
rangement, an external device, such as a CPU or the 
like, does not experience a standby time during the data 
transfer to the semiconductor memory array, and there- 
fore can deal with other operations. 
[021 1] Furthermore, a plurality of first memory arrays 
may be provided. In such a structure, during a data 
transfer from a first memory array to the second memory 
array, data can be written in another first memory array. 
Thus, a larger amount of data can be written in the first 
memory array in a shorter period of time. Moreover, dur- 
ing a data erasure from the second memory array, data 
can be written in the first memory array. Still further, dur- 
ing a data transfer from one first memory array, data 
stored in another memory array can be read out to an 



external device, i.e., another memory array is available 
to the external device during the data transfer from the 
one first memory array. 

[0212] Furthermore, data from an external device is 
s temporarily stored in a first memory array, and the tem- 
porarily-stored data is transferred to a second memory 
array and stored therein. Thus, it is not necessary to pro- 
vide an external SRAM for temporarily storing data. As 
a result, the entire chip area can be reduced. 
10 [021 3] Various other modifications will be apparent to 
and can be readily made by those skilled in the art with- 
out departing from the scope and spirit of this invention. 
Accordingly, it is not intended that the scope of the 
claims appended hereto be limited to the description as 
is set forth herein, but rather that the claims be broadly 
construed. 



Claims 

20 

1 . A semiconductor storage device, comprising: 

a plurality of first memory arrays each including 
a plurality of semiconductor storage elements, 
25 in which data from an external device is written, 

and from which the data is read out to the ex- 
ternal device; 

a second memory array which operates sepa- 
rately from the plurality of first memory arrays 
30 and which includes at least one block including 

a plurality of non-volatile semiconductor stor- 
age elements; and 

a data transfer section for transferring the data 
between the plurality of first memory arrays and 
35 the second memory array. 

2. A semiconductor storage device according to claim 
1, wherein the plurality of first memory arrays, the 
second memory array, and the data transfer section 
are formed on a same chip. 

3. A semiconductor storage device according to claim 
1 , wherein the plurality of semiconductor storage el- 
ements included in the first memory array are non- 
45 volatile semiconductor storage elements. 

4. A semiconductor storage device according to claim 
1 , wherein the plurality of semiconductor storage el- 
ements included in the first memory array are vola- 

50 tile semiconductor storage elements. 

5. A semiconductor storage device according to claim 
1 , wherein during a transfer of the data between at 
least one of the plurality of first memory arrays and 

55 the second memory array, an external device exter- 
nally attached to the semiconductor storage device 
reads first data from or writes first data in the plu- 
rality of first memory arrays. 
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6. A semiconductor storage device according to claim 
1, wherein during a transfer of the data between at 
least one of the plurality of first memory arrays and 
the second memory array, an external device exter- 
nally attached to the semiconductor storage device s 
reads first data from, writes first data in, or erases 
first data from the second memory array. 

7. A semiconductor storage device according to claim 

1 , wherein a command to access the second mem- 10 
ory array includes a command to access the plural- 
ity of first memory arrays. 

8. A semiconductor storage device according to claim 

1, wherein the data transfer section transfers the is 
data stored in a first address in the plurality of first 
memory arrays to a second address in the second 
memory array. 

9. A semiconductor storage device according to claim 20 
1, wherein the data transfer section transfers the 
data stored in a second address in the second 
memory array to a first address in the plurality of 
first memory arrays. 

25 

1 0. A semiconductor storage device according to claim 
1 , wherein the data transfer section transfers the 
data stored in a first region in the plurality of first 
memory arrays to a second region in the second 
memory array. 30 

1 1 . A semiconductor storage device according to claim 
1 , wherein the data transfer section transfers the 
data stored in a second region in the second mem- 
ory array to a first region in the plurality of first mem- 35 
ory arrays. 



nation address; 

when the data stored in the transfer origin ad- 
dress is identical to the first data stored in the 
transfer destination address, the data transfer 
section does not transfer the data; and 
when otherwise, the data transfer section trans- 
fers the data from the transfer origin address to 
the transfer destination address. 

15. A semiconductor storage device according to claim 
5, wherein the external device accesses the plural- 
ity of first memory arrays except for the at least one 
of the plurality of first memory arrays during the 
transfer of the data between the at least one of the 
plurality of first memory arrays and the second 
memory array. 

16. A semiconductor storage device according to claim 
5, wherein an access by the external device to the 
at least one of the plurality of first memory arrays is 
prohibited during the transfer of the data between 
the at least one of the plurality of first memory arrays 
and the second memory array. 

17. A semiconductor storage device according to claim 
5, wherein: 

a transfer of the data between the at least one 
of the plurality of first memory arrays and the 
second memory array is interrupted by an ac- 
cess by the external device; and 
the transfer of the data between the at least one 
of the plurality of first memory arrays and the 
second memory array is resumed after the ac- 
cess by the external device has been complet- 
ed. 



20 



25 



30 



12. A semiconductor storage device according to claim 
1 , wherein the data transfer section transfers all of 

the data stored in at least one of the plurality of first 40 
memory arrays to a particular region in the second 
memory array. 

1 3. A semiconductor storage device according to claim 

1, wherein the data transfer section transfers an 45 
amount of the data which is equal to the capacity of 
at least one of the plurality of first memory arrays to 
the at least one of the plurality of first memory arrays 
from the second memory array. 

50 

14. A semiconductor storage device according to claim 
1, wherein: 

before a transfer of the data between the plu- 
rality of first memory arrays and the second ss 
memory array, the data transfer section com- 
pares the data stored in a transfer origin ad- 
dress and first data stored in a transfer desti- 



18. A semiconductor storage device according to claim 
t , wherein, while the data is being erased from a 
particular block in the second memory array, the 
plurality of first memory arrays are accessed by the 
external device. 

19. A semiconductor storage device according to claim 
1 , wherein, while the data is being written in a par- 
ticular block in the second memory array, the plu- 
rality of first memory arrays are accessed by the ex- 
ternal device. 

20. A semiconductor storage device according to claim 
1 , wherein a capacity of the at least one of the plu- 
rality of the first memory arrays is equal to, multiple 
of, or divisional of a capacity of a block in the second 
memory array which can be erased en bloc. 

21 . A semiconductor storage device according to claim 
1, wherein: 
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the plurality of first memory arrays and the sec- 
ond memory array exist in different memory 
spaces; and 

an access to the plurality of first memory arrays 
and an access to the second memory array are 5 
achieved by a single control terminal. 

22. A semiconductor storage device according to claim 
1, wherein: 

10 

the plurality of first memory arrays and the sec- 
ond memory array exist in a same memory 
space; and 

an access to the plurality of first memory arrays 
and an access to the second memory array are is 
achieved by different control terminals. 

23. A semiconductor storage device according to claim 
1 , wherein an access mode is switched between a 
first access mode where an access to the plurality 20 
of first memory arrays and an access to the second 
memory array are achieved by a single control ter- 
minal and a second access mode where the access 

to the plurality of first memory arrays and the access 
to the second memory array are achieved by two or 25 
more control terminals. 

24. A semiconductor storage device according to claim 
1, wherein: 

30 

the second memory array includes a plurality of 
banks, in each of which an erase operation and 
a program operation of the data and a read op- 
eration of the data can be executed separately 
from other banks; and 35 
the data is transferred between the plurality of 
banks and the plurality of first memory arrays 
through the data transfer section. 

25. A semiconductor storage device according to claim *o 
24, wherein during a transfer of the data between 

the plurality of banks and the plurality of first mem- 
ory arrays, the external device executes one of 
reading of first data from the plurality of first memory 
arrays, writing of second data in the plurality of first *5 
memory arrays, and reading of third data from at 
least one of the plurality of banks which is not used 
for the transfer of the data. 

26. A semiconductor storage device according to claim 50 
24, wherein, while the data is being erased from one 

of the plurality of banks, the external device exe- 
cutes one of reading of first data from the plurality 
of first memory arrays, writing of second data in the 
plurality of first memory arrays, and reading of third 55 
data from at least one of the plurality of banks in 
which the erasure of the data is not executed. 



27. A semiconductor storage device according to claim 
24, wherein, while the data is being written in one 
of the plurality of banks, the external device exe- 
cutes one of reading of first data from the plurality 
of first memory arrays, writing of second data in the 
plurality of first memory arrays, and reading of third 
data from at least one of the plurality of banks in 
which the writing of the data is not executed. 

28. A semiconductor storage device according to claim 
1 , wherein all of the data written in at least one of 
the plurality of first memory arrays Is reset to a pre- 
determined state. 

29. A semiconductor storage device according to claim 
28, wherein the at least one of the plurality of first 
memory arrays is reset to a value of a reset cell of 
the second memory array. 

30. A semiconductor storage device according to claim 
28, wherein, after the data written in at least one of 
the plurality of first memory arrays is transferred to 
the second memory array, the at least one of the 
plurality of first memory arrays is reset. 

31 . A semiconductor storage device according to claim 
1 , wherein the data in at least one of the plurality of 
first memory arrays is protected from an overwrite. 

32. A semiconductor storage device according to claim 
1 , wherein the data transfer section transfers the 
data in a first region in the second memory array to 
a second region in the plurality of first memory ar- 
rays when a power to the semiconductor storage 
device is turned on or when the semiconductor stor- 
age device returns from a power-down state to a 
normal active state. 

33. A semiconductor storage device according to claim 
32, wherein, after the data is transferred from the 
second memory array to the plurality of first memory 
arrays, the transferred data in the plurality of first 
memory arrays are protected from an overwrite. 

34. A semiconductor storage device according to claim 
1 , wherein an access by the external device to the 
plurality of first memory arrays and an access by 
the external device to the second memory array are 
performed in synchronization with a clock signal. 

35. A semiconductor storage device according to claim 
1 , wherein a transfer status of the data between the 
plurality of first memory arrays and the second 
memory array is output to the external device. 

36. A semiconductor storage device according to claim 
1, further including an input/output data bus which 
has a predetermined bus width, wherein allocation 
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of bus width to the plurality of first memory arrays 
and the second memory array is switched between 
a case where one of at least one of the plurality of 
first memory arrays and the second memory array 
uses the input/output data bus and a case where 5 
both of at least one of the plurality of first memory 
arrays and the second memory array use the input/ 
output data bus. 

37. A semiconductor storage device according to claim io 
36, wherein the allocation of the predetermined bus 
widths to the plurality of first memory arrays and the 
second memory array is controlled by one of a con- 
trol terminal connected to the external device and a 
predetermined command. 15 

38. A semiconductor storage device according to claim 
1, further including; 

an input/output data bus which is used for a 20 
transfer of the data between the external device 
and the plurality of first memory arrays and the 
second memory array; and 
an internal data bus which is used for a transfer 
of the data between the plurality of first memory 25 
arrays and the second memory array, 
wherein a bus width of the internal data bus is 
greater than that of the input/output data bus. 
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